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Areal and textural distribution of particulate gold in sediments
from Bluff Beach, Alaska

by

Gretchen Luepke and Kam W. Leong 

INTRODUCTION

From 1967 to 1971, the Heavy Metals Project of the U.S. Geological Survey 
focused on the study of the distribution of gold and other precious metals in 
nearshore and offshore areas (U.S. Geological Survey, 1968, 1969). Of primary 
concern were coasts adjacent to such historic gold-producing regions as 
southwestern Oregon (Clifton, 1968) and Alaska. Present economic conditions, 
reflected in the rapidly rising price of gold, warrant continued examination 
of gold distribution in both traditional and non-traditional settings (e.g., 
Gulbrandsen and others, 1978) regardless of whether such deposits are 
currently profitable to exploit. The present paper describes the areal 
distribution of gold in beach sediments at Bluff, Alaska, and the textural 
distribution of gold within the sediment-size fraction of each sample.

PREVIOUS WORK

The U.S. Geological Survey began studying the Nome region in 1898, after 
the discovery of gold on Anvil Creek (Moffitt, 1907). Interest in this region 
was rekindled in the late 1960's, when the Survey began to examine gold 
content of nearshore and offshore sediments. The richest concentration of 
gold was found offshore in coarse, relict sediments near Nome (U.S. Geological 
Survey, 1969). Nelson and Hopkins (1972) made a detailed study of gold 
distribution in the northern Bering Sea and related its distribution to 
sedimentary processes in the area. They found the the relict lag gravels that 
lie as a veneer over glacial drift near Nome to contain the highest gold 
content.

SETTING

Bluff, Alaska, lies 50 miles east of Nome in a deep bight on the southern 
coast of the Seward Peninsula, between Cape Nome on the west and Rocky Point 
on the east (Fig. 1). The town itself lies at the mouth of Daniels Creek, 
where the original placers were discovered in September 1899. Bluff quickly 
became a major gold-producing area. From January to July 1900, a strip of 
beach less than 1000 feet long yielded $600,000 in gold; in 1904, total gold 
production exceeded $1 million (Brooks, 1908).

METHODS OF ANALYSIS

Most samples in this study were taken in either the swash zone or at mid- 
beach. Surface samples were taken with a shovel in the upper 1 inch (2.5 cm) 
of beach sediment. For subsurface samples, a trench was dug and individual 
units within the exposed section were sampled according to procedures of 
stratified sampling. No samples were taken at the contacts between subsurface 
units. For specific depths at which samples were taken, see Appendix I.
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Black and garnetiferous sands were identified as such from field 
descriptions (Appendix I). Percentages of heavy minerals were not determined 
for any sample in this study*

In order to avoid the effects of particle sparsity when analyzing a 
sample for gold, it is necessary to have an initial sample of at least 25 kg 
(Clifton and others, 1969)* Forty-three samples, ranging in weight from 34*4 
to 65.3 kg, were sieved at 1/2 0 intervals from 1.000 mm to 0.044 mm. Most 
samples were composed of sand- and gravel-size sediment, with less than 2 
grams of a size less than 0.044 mm (coarse silt). Hie 1/20 portions from 
0.500 mm to less than 0.044 mm of these samples were burned in a Thelco oven 
at 700°C to destroy all organic content. The samples were then analyzed for 
gold by atomic-absorption analysis (Van Sickle and Lakin, 1968).

Four samples (802-E, 806, 809-A, and 809-B) contained more than 10 g of 
material of a silt and clay. These samples were processed slightly 
differently from the others (see Fig. 2), in order to see if a combination of 
wet and dry sieving, plus reconstitution of the silt and clay fraction after 
pipette analysis, resulted in a significant difference in the amount of gold 
in the 0.044 mm and less than 0.044 mm sizes.

Statistical parameters were calculated with a computer program using the 
formulas of Folk and Ward (1957). In twelve samples the statistical 
parameters were bypassed by the computer because the distribution of the 
sediments was too open-ended for them to be significant (See Appendix I).

Histograms of the size-frequency of sediments and gold and individual 
plots of the amounts of gold in ppm against the grain-size fraction were drawn 
for each sample. Four of the 43 histograms are not complete because a given 
fraction was lost during analysis (see Appendix II).

By convention, sediment size is generally referred to in millimeters 
(mm), while gold is commonly referred to in microns (y). Translating these 
units is simple: 1000y = 1 mm.

Three calculated values of gold are referred to in this paper, each with 
a particular significance:

1. The concentration of gold in ppm in each size fraction of a sample:

g Au in size fraction______________
wt. (g) of size fraction of sediment

2. The weight percent of total gold for each size fraction of a sample:

g Au in size fraction________ 
total wt. of gold (yg) in sample

3. The concentration of gold in ppm for each sample:

total yg Au in sample____________ 
total weight (g)of sediment in sample
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Figure 2. Flow diagram of alternate processing for samples containing 
more than 10 grams of silt and clay. All other samples in 
this study needed only to be dry-sieved, because they did 
not contain enough silt and clay to require wet-sieving. 
The grain-size ranges in millimeters (mm) in the figure 
represent ?$0 intervals.



RESULTS

The grain-size and gold content data for all the samples are tabulated in 
Appendices I and II. A Student's t (sample means) statistical test comparing 
the gold content in ppm of all samples against those samples with open-ended 
grain-size distribution showed no significant difference in the gold content 
between these groups, although only two of these twelve samples contained more 
than 1,0 ppm gold. There was no significant difference in the amounts of gold 
detected in the size fractions 0.044 mm and less than 0,044 mm of the four 
samples processed as illustrated in Figure 2.

Grain Size of Sediments and Gold

Histograms of the grain-size distributions in weight percent for both the 
sediment and the gold for each sample appear in Appendix III. Twenty-four of 
the 43 samples have a mean grain size coarser than the mean size of the gold 
within that sample; an additional 15 samples have approximately equal mean 
sediment and gold sizes. The remaining 4 samples have a mean grain size finer 
than the mean size of the gold contained in them.

The mean grain size of the 31 samples for which statistics were 
calculated is 1.46 )9 (0.36 mm), with a standard deviation of 0.43 0 
(0.74 mm). Only one of these samples (811) was bimodal. The size range which 
commonly contained the greatest concentration of gold in parts per million 
(ppm) in all samples was 62 microns (0.062 mm) (Fig. 3a; Appendix IV). 
However, the greatest weight percent of gold for the sample was in the 250 
microns (0.25mm) size fraction (Fig. 3b).

The mean grain size of the 31 samples was compared by a Student's t 
statistical test with the following groupings of these samples:

1. Samples containing very wide ranges of gold values in ppm among the 
size fractions,

2. Samples with differences of greater than 10 ppm gold content among the 
analyzed fractions,

3. Samples with differences of less than 10 pm gold content among the 
analyzed fractions.

When these three groups were cross-compared, no significant difference 
could be detected. Grain-size of sediment does not appear to be a significant 
predictor of how much gold a sample will contain, although coarser-grained 
samples tend to have higher gold contents overall.

Most of the samples containing the highest concentrations overall of gold 
are confined to the area from the mouth of Daniels Creek to a point 1 km to 
the west (Fig. 1). Three samples containing relatively high concentrations 
were collected near the mouth of Ryan Creek.

While almost no bimodality was detected in the size-frequency of the 
sediments, the size-frequency of the gold showed bimodality in 19 of the 43
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Figure 3. A) Sample fraction containing the highest concentration of
gold in ppm. One sample (822-A) had an equally high gold 
content in both the 0.0^ and 0.031 mm fractions.

B) Sample fraction containing the highest veight-percent of 
gold. Two samples (8lO and 828) had equally high weight- 
percents of gold in the 0.250 and 0.177 nnn fractions.



analyzed samples (see Appendix III). This bimodality does not appear to be 
confined to any one type of sediment, nor is it restricted in geographical 
distribution of the samples. No previous studies of bimodality of particulate 
gold are known.

None of the samples in this study were examined microscopically. 
However, certain assumptions about the gold are probably valid. In sizes 
greater than 0.5 mm, the weight of gold in micrograms may represent a single 
flake. With a heavy metal such as gold, the relationship between particle 
mass and grain size is a function of the metal's specific gravity (Clifton and 
others, 1969, p. 16, fig. 9). Thus samples which contain 100-500 micrograms 
of gold in the 0.707 - 0.5 mm range —that gold probably represents a single 
flake, and possibly a flake attached to an individual sediment grain. On the 
other hand, gold in samples containing 2500 - 12,000 micrograms in this same 
size range, represents several flakes of gold, probably both free and 
attached.

Ten of the samples analyzed contained 100-500 g of gold in the 0.707 - 
0.500 mm grain-size fraction. These samples are not geographically 
restricted. Only four samples (801-D, 802-E, 824-A, and 827) contain over 
25 Vtg of gold within this grain-size fraction. These high "coarse gold" 
values, however, are found only in samples taken in samples rich in black sand 
and are confined to an area near the mouth of Daniels Creek at mid-beach.

Concentration of Gold Versus Sediment Texture

Appendix IV contains graphs plotting the concentration of gold in ppm 
against the grain-size of the sediment containing it for each sample. As 
noted earlier, the greatest concentration of gold appears around 62 microns 
(0.062 mm) in the majority of samples. Similar patterns of concentration have 
been observed in Oregon beach sands (Clifton, Hubert and Phillips, 1967), 
where most of the gold is concentrated in grain-sizes less than 124 microns 
(0.124 mm).

The values in ppm of gold were examined as to the type of sediment. The 
samples were grouped as follows:

1. Very-coarse-sand or gravel samples

2. Black or garnetiferous sand

3. All others (mostly swash-zone samples).

These were compared by a Student's t test to each other and also compared to 
the average gold in ppm of all samples. The samples collected in the swash 
zone were significantly lower in gold concentration when compared to the 
average of all gold values. The greatest range of concentration was found in 
the black/garnetiferous sands (range from 0.04 to 13.97 ppm), as compared to 
the range of 0.015 to 0.599 ppm for very-coarse-sand/gravel samples. The 
highest amounts of gold in ppm were also recorded from the black/garnetiferous 
sands.



SUMMARY

Particulate gold in the sediments of Bluff Beach, southeast of Nome, 
Alaska, is concentrated most commonly in the 62-micron size* In samples 
containing greater than 1 percent of silt and clay-sized material, no 
significant quantities of gold were found in material of less than 44 micron 
size. There appears to be no relationship between the mean grain size of a 
sample and the total amount of gold contained in it. Samples containing 
significant amounts of black or garnetiferous sand contained the highest 
amounts of particulate gold. Bimodality in the size-frequency of gold is seen 
in over half the samples analyzed, while almost no bimodality is detected in 
the size-frequency of the sediments.

The distribution of gold in the beach sediment near Bluff, Alaska is 
definitely complex. No unequivocal conclusions about this distribution can be 
reached at this time.
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APPENDIX I

Field descriptions and grain-size data for analyzed samples, using statistical 

parameters of Folk and Ward (1957). Where statistics are not given/ the grain- 

size distribution was too open-ended to be meaningful, so the computer did not 

calculate it* A copy of the Wentworth grade scale, comparing millimeter and 

phi (0) units, precedes the data in this Appendix.
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GRAIN SIZE SCALES FOR SEDIMENTS

The grade scale most commonly used for sediments is the Ventworth scale 
(actually first proposed by Udden), vhich is a logarithmic scale io that each 
grade limit is tvice as large as the next smaller grade limit. For more detailed 
work, sieves have been constructed at intervals 2rg and 4rr- . The 0 (phi)

scale, devised by Krumbeln, is a much more convenient vay of presenting data 
than if the values are expressed in millimeters, and is used almost entirely in 
recent vork.

U.S. Standard 
Sieve Mesh 4

Millimeters Microns Phi (fl) Ventworth Size Class

Use ————

squares 
5 ——
6 
1 
8

*.\s

12
11* 
16 

• 18
20 
25
30
» r• 35 —— ———
40 
45 
50 
60
70 
80

100 
120
140 
170 
200 
230 —————

270 
3^5

Analyzed
b*l ' '

Pipette 

or

Hydrometer

4096 
1024
i$rf
2>6

64
16

4
3O6 
?.83 
2.38

. w
1.68 
1.41
1.19
I nn
0.84 
0.71 
0.59 

- 1/2 — 0.50 ———
0.42 
0.35 
0.30 

— i A n ^ -
0.210 
0.177 
0.149 

- 1/8 0.125
0.105 
0.088 
0.074 

•1/16 — 0.0625 ——

0.053 
0.044
0.037 

- 1/32— 0.031 ——
1/64 0.0156 
1/128 0.0078 

- 1/256 0.0039 —
0.0020 
0.00098 
0.00049 
0.00024 
0.00012 
0.00006

Cf\f\

420
350 
300 

— 250
210 
177 
149 

-125 ————
105 
88
74
fl-l F

53
44
37
9 *l

31

15.6
7.8
3 c\• 9 —— 
2.0 
0.98 
0.49 
0.24 
0.12 
0.06

-12
-10

8 _-
.6
-4 

— .2 ———
-1.75 
-1.5 
-1.25

— .1.0 —— 
-0.75 
-0.5 
-P. 25 
0.0
0.25 
0.5 
0.75 

—— 110
1.25 
1.5 
1.75
0 0

2.25 
2.5 
2,75

—— 3.0 ——
3.25 
3.5
3.75i. f\

4.25 
4.5 
4.75

—— 5.0 —— 
6.0
7.0
8 _.0 —— ̂  
9.0 > 

10.0 
11.0 
12.0 
13.0 \ 
14.0 '

Boulder (-8 to -12$)

Cobble (-6 to -80)

Pebble (-2 to -60)

Granule

Very coarse sand

Coarse sand

Medium sand

Fine sand

Very fine sand

Coarse silt

Medium silt
Fine silt 

_Very fine silt

> Clay

-1
UJ.5
DC 
Vf?

-Q

Z
<
(0

- o
3> 

^

From Folk, R.L., 19&5* Petrology of sedimentary rocks: 
Texas, p. 25.
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APPENDIX II

Gold data for analyzed samples. Some samples lack values for certain size 

fractions, because the test tube containing the sample was broken during the 

atomic-absorption analysis. Therefore total values for these starred samples 

are minimum values*
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APPENDIX III

Histograms comparing the size-frequency of the sediment and gold for each 

sample. Four samples do not show complete gold histograms because one or more 

portions of the sample were lost during atomic absorption analysis* These 

samples are designated with asterisks. See also Appendix II.
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APPENDIX IV

Individual sample plots of the concentration of gold in parts per million 

(ppm) versus the size of the gold in microns. Several samples are plotted on 

compressed scales; these are noted on the graphs.
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